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‘by the variation analysis method that Suixur beets drilled 
i Wed a marked ecrease in tout 
Sao yield, Thrug Urilling periods 
for the experinients ; drilling up 
to March 31st, between April 110th and after April. 
‘ Ioth, Naturally Weather conditions had to be considered 
Possibilities existed fag early drilling 
in 191, the year of the experiments, A.B, 
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AUTHOR: Zanadvorov, TJ. 109~-3~2~7/26 


TITLE; Synchronisation of Oscillators by a Periodic Pulse Train 


(O sinkhronizatsii avtogeneratorov periodicheskoy posled— 
ovatel'’nost'yu impul'sov) 


PERIODICAL: Radiotekhnika i Elektronika, 1958, VOol.III, Wo.2 
pp. 202 ~ 213’ (ussR}. 


ABSTRACT: The problem considered may be formulated as follows: 
an oscillator, which has a natural frequency fy » is synchron-~ 


ised by a periodic pulse train, in which the pulses are 
repeated at a frequency Fp and the frequency of the radio 


component of the pulses is fy - The synchronising signal can be 
expressed as a Fourier series: 


fo 9) 
mp = ep + "ep, cos(kQ,t + oe) 


and the signal at the output of the oscillator by: 


os 
en ses er, cos((w, + kQ,)t + | . 
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The problem cannot be solved by the spectral method of 
analysis and it is necessary to employ the iterative method 
of analysis devised by Teodorchik (Ref.2). In this, it is 
assuned that each radio pulse in the train produces a dis- 
placement of the initial phase of the oscillations in the 
oscillator and results in the appesrance of an auplitude 
transient. After termination of the pulse, the frequency of 
the oscillator changes instantly to f. , i.e. there is no 
further change in the phase of the oscfllations. If the 
interval between the successive pulses is sufficiently luvze, 
the amplitude of the oscillations at the beginnings of the 
next pulse will be practically the same as that at the begin- 

-ning of the preceding pulse. In this case, the conditions in 
the oscillator at the beginring of each successive pulse 
differ from those during the preceding pulse Only by virtue of 
their phase, which can be expressed by: 


Pn = 0? + w (Ty > ty) 


where 9, is the phase at the beginning of the n-th pulse, 
Card2/5 Py.] is the phase at the beginning of the preceding pulse 
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and ty is the duration of a pulse. Eq.(1) is a difference 


equation of the first order and it describes the process of 
periodic "phasing" of the osciliator. Ba.(1) can also be 
written as Pee (2) o7 or (4). Whe differential equation fcr the 
phase of the oscillator {vith respect to the phase of the 
oscillations in a synchronising puls4, for the cese of snall 
and slowly changing amplitudes can be written as: 


a 2) - BCD sin & (8) 


dt 


where is the shase diffcrence, t= ot is the normalised 
tine, en = e,(*)/2A, is the normalised amplitude of the 
synchronising atonal. e(t) is the amplitude of the syachron- J 
‘ising signal as a function of 7% , A, is the amplitude of 

the oscillations and h ; the relative de-tuning between 

the natural frequency of ine oscillator and the synchronising 
frequency. If o =¢%-ht , &q-(&) can be written as ‘iiq.(9) 
and if u = tg $ , “Bq. (9) is in the form of Bq.(10). ‘he 
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solution of this Riccati-type equation is given by Eq.(11) 
or by Eq.(13), where B can be found from Eqs.(22) and 


a and a can be found from Eqs.(23) and (24). In the 


above equations, K= Eu and ¥ = h/E, . From he above, 
it follows that the process of periodic "phasing" by the 
radio pulses of small amplitudes can be described by: 
p47 +e 
9, = 2 are tele nol : 


\ 
ele a tn (29) 
ej 


from which the equilibrium points of the system are expressed 
by Eq.(30), where @=9 +a, and §, =a, +  ° 


Solutions of Eqs.(29) amd (30) are found and the results are 
‘shown graphically in Figs. 3, 4, 5 and 6. Fig.3 shows taat 
the stable region (shaded) and the curves of 9. = 0 


('dashed' curve) for fy = constant and Uy = 10. Fis. 4, 
5 and 6 show the stable regions and the curves of 6, = 1) 
Card 4/5 for other values of Wo. The phasing function of the 
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TITLE: Fre . 
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PERIODICAL: Lzvesti 
isso es h esey Radiofizika, 


ABSTRACT; 


he circuit 
8. 
Shown in Figure i 


: y the Eq (1 
Works in the ‘soft! : ) on that the valve 


a and Ny and L 
Parameter, bd Sen as the small 
don is Eq (2), 


the frequency 
either circuit 
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Frequency Locking in a Self-oscillator with Two Degrees of Freedom 
From Eqs (1) and (4), the time derivatives of A, 8B; 
c,d, slowly varying functions of time,~ can be evaiuated 
_giving the set of abbreviated, »quations (5). In the steady 
state this last system degenerates into a-set of algebraic 
equations from which ‘resonance curves! may be found. The 
stability condition, that the real parts of the roots are 
negative, can be found from Eq (6) or, more shortly, 
f£(k) = Oy which follows it» For the case of equal proper 
frequencies and damping the resonance curves and stable and 
unstable (cross-hatched) areas are plotted in the 


Rr? , a plane in Figure 2- Rr? = (A 4c)” + (B+D) 3 


a= (p- 0 )/4 where p is the frequency of the external 


force. The souplLing factor Y¥ = NCn” takes values 0.05, 
0.025, 0.0125, 0-01 and Aj» Ags Ags Ay, and As are 


parameters, taking simple valugs, usually zeros Figure 3 

is an isometric view of the R’,a curves when Y is 

allowed continuous variation. The value Y¥ = 0.0125 
corresponds to critical coupling« The qualitative behaviour 

Card2/3 °F the curves of Figure 2 are described in Section *. 
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Frequency locking ina Self-oscillator with Two Degrees of Freedom 
‘ Experimental work has been carried out With an arrangement 
cs Whose block diagram is in Figure 4, The tuned circuits of 
the oscillator are set to 170 ke/s. A variometer enables 
the coupling to bevaried from y =0 to 0.1, The output 
is examined on a ASChKh<1 Spectrum analyser (9 -. 20 ke/s} 
after conversion using a local oscillator tunable from 
160-180 ke/s. By setting in a particular value of externil 


Correlated with the expectations of Section 4, The agreenent 
is Satisfactory and the theory may be used to predick& the 
limits to the regions of stable locking for given values cf 

e locking signal and coupling. 

i There are 4 figures and 4 Soviet references, 
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Chirkov, M.K. and Zanadvoroy,.P.N ae 
ae ‘ 


The Influence of a Large Amplitude Radio Pulse ona 
Self-oscillator?$ 


Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 
1959, Vol 2, Nr 3, pp 473 ~ 482 (USSR) 


¥Lof, periodic phasing and 
te-difference equations,, 


e circuit parametars 
aneous amplitude and phase at the 
beginning of each successive period of excitation are 
given by Eq (1). If the oscillation was originally a 
damped sine wave, the amplitude and phase after one period 
of excitation are given by Eq (2). The angle over which 
anode current is cut off (referred to the grid) is given a 
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by 8, in Eq (4) for fixedi bias and in Eq (5) for 


“inertialess" auto~bias. The system of equations used 
in the rest of the paper (Eq 6) is a re-statement of 
Eq (2). For the synchronous case an even more compact 
form in new variables is Eq (9). The constant C_ is 
evaluated for fixed bias and variable bias with 


greater and less than 90° (8) is the cut-off angle 


in the free-running condition). The solution to Eq (9) 
is Eq (10), represented in Figure 1 as a phaéSe~frequency 
plot for various pulse durations. When the initial phase 
has a random character, the statistics of phase distri- 
bution after excitation aire those in Figure 1b. Figure 
2 shows the duration of pulse necessary to effect a given 
mean phase deviation. Figure 3 shows the "settling time" 
for phase of a synchronized oscillator with self-bias. 
When there is slight detuning, Figure 1 is replaced by 
Figure 4. The phase change with increase in pulse duration 
now has an oscillating character and the distribution bo 
\ 
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i i i trical. 
tion in Figure *b is now asymme | 
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